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(54) PRODUCTION OF TITANIUM OXIDE PARTICLES 
AND FILM 

(57) Abstract: 

PURPOSE: To obtain a titanium oxide excellent in a 
crystalline property and also remarkably excellent in 
various characteristics by performing a hydrothermal 
treatment for a suspension dispersed with fine titanium 
oxide particles in high degree and to obtain a titanium 
oxide film having less cracks and having strong 
adhesiveness with a supporting body by using the 
titanium oxide. 

CONSTITUTION: The suspension of the fine titanium 
oxide particles is adjusted at 2pH4 or 3 pH9 and 
consequently the suspension is hydjptherma l treated at 3 
100°C and the fine titanium oxide particles are grown in 



the crystal to obtain the titanium oxide particles. The 
obtained titanium oxide particles are applied to a 
supporting body and the coated suppoting body is baked 
to fix the particles on the supporting body and the titanium 
oxide film is obtained. 
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tfflWb?-* >«©«56#ifcfc»*-6. 
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ftSBWfc;^ ^flMa^j fc I*. BS»^* 6 0 — 1 
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o^ji^»Sr«rlE^*»*K^jSJpL.fc« % 7 0 < Cfc:Jni& 
U 2 0»IW»*Lfc. (ftS3. »fe*bfcIMfc^>« 
tt^PSr— SKRBtU S&U »fci£U tt*Lfcfc<DttX 
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TJxfc*. R*^t?*57t h7;vft K«r5 0 p p 

mcojg* t ft $ «£ o iziaun tt^f7 

lmW/cm 2 ^j:SJ;9l^7y^7^ h £r 2 ^fW^ 

1 5 p pmtfeo^ ££>*g;£j&>£>. **W<Z>»ft 

[0 04 1J Jfc«09 5 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the manufacture method of of the titanium oxide particle 
and titanium oxide film which are used for a pigment, an ultraviolet ray absorbent, a filler, an optical 
material, electronic material, photo-electric-translation material, the charge of ornament material, a 
catalyst, a photocatalyst, a catalyst support, an adsorbent, a bioreactor, etc. at a detail further about the 
manufacture method of a titanium oxide particle and a titanium oxide film. 
[0002] 

[Description of the Prior Art] A titanium oxide particle is useful to a pigment, an ultraviolet ray 
absorbent, a filler, etc. Moreover, the titanium oxide film which makes a base material come to fix a 
titanium oxide particle is useful as a charge of closure material using its dielectric as charges of 
semiconductor-electrode material, such as a photocatalyst, a sensor element, or a solar battery, using the 
optical semiconductor property of titanium oxide. Moreover, since the reflection factor of light is high 
and the reflected-color tone is a beautiful silver tone, a titanium oxide film is further used for a catalyst, 
a photocatalyst, a catalyst support, an adsorbent, a bioreactor, etc. using the porosity of a titanium oxide 
film as the charge of heat-reflective-glass material, or a charge of ornament material. After being 
immersed and pulling up a base material in the solution containing a titanium isopropanal POOKI side 
etc. in order to manufacture a titanium oxide film for example, the method of heating a base material to 
an elevated temperature and forming membranes, the method of spraying the steam of a titanium 
tetrachloride on a hot support surface, and forming membranes, the method of spraying the solution 
which contains organic titanium compounds, such as titanium acetylacetonato and a titanium alkoxide, 
in a hot support surface, and forming membranes, etc. are mentioned. 
[0003] 

[Problem(s) to be Solved by the Invention] the size of the titanium oxide primary particle which 
constitutes the titanium oxide film obtained from a method of the aforementioned conventional 
technology since it is the method of making a titanium compound reacting on a base material, and 
making a titanium oxide film generating is several nm, the volumetric shrinkage which is this titanium 
oxide particle happens at the time of sintering, and a crack tends to produce it on the generated film The 
film which the crack produced tends to separate from a base material, and has the problem that the 
optical property of a titanium oxide film etc. falls, the top where endurance and abrasion resistance are 
low. And especially by the method of the conventional technology, the thickness suitable for photo- 
electric-translation material, the catalyst, the photocatalyst, the adsorbent, etc. is thick, and the titanium 
oxide film of porosity with a large specific surface area is hard to be obtained, furthermore, by the 
method of the conventional technology, there are also problems -- it is easy to be accompanied by the 
danger of work, such as aggravation of a work environment and ignition, by steams, such as an organic 
solvent and a titanium compound ~ 

[0004] The purpose of this invention is to offer the titanium oxide particle which was excellent in 
crystallinity and was extremely excellent also in various properties. Furthermore, another purpose has 
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few cracks and they are to offer a titanium oxide film with a firm adhesive property with a base material. 

[0005] In the way this invention carries out hydrothermal processing of the titanium oxide particle at the 
temperature of 100 degrees C or more (1) The suspension (2) titanyl sulfate of the titanium oxide 
particle containing the rutile type titanium dioxide is understood an added water part. The suspension 
which distributed highly the suspension of the titanium oxide particle which is obtained, and which 
carried out anatase-type-titanium-dioxide content, or various kinds of titanium oxide particles other than 
the (3) aforementioned titanium oxide particle, such as a water titanium oxide particle of a metatitanic 
acid or an ortho titanic acid It is the manufacture method of the titanium oxide particle which carries out 
******** hydrothermal processing. Furthermore, it is the method of manufacturing a titanium oxide 
film on a base material using a titanium oxide particle. 
[0006] 

[Means for Solving the Problem] By using the titanium oxide particle make the crystal of (1) titanium- 
oxide particle come to grow up to be, as a result of inquiring for this invention persons to have a strong 
adhesive property with a base material, and get the titanium oxide film excellent in the optical property 
etc. The titanium oxide particle which can lessen the volumetric shrinkage of the titanium oxide particle 
at the time of membrane formation, and carries out that there is little generating of a crack and an 
adhesive property with a base material is improved, and (2) fixing Since the mean particle diameter 
excels [nm / 10-100 / of 10-30nm of 15-25nm things ] in the adhesive property with a base material 
preferably especially, are desirable, (3) as a method of growing up the crystal of a titanium oxide 
particle (a) How to heat a titanium oxide particle at the temperature of 200-600 degrees C, (b) How to 
carry out hydrothermal processing of the titanium oxide particle at the temperature of 100 degrees C or 
more, (c) In that it is desirable since there is the method of carrying out hydrothermal processing of what 
distributed the titanium oxide particle highly at the temperature of 100 degrees C or more and these can 
grow up the crystal of a titanium oxide particle uniformly, especially the method of the above (b) The 
titanium oxide particle and titanyl sulfate containing the rutile type titanium dioxide are understood an 
added water part, subsequently The method of carrying out hydrothermal processing the obtained 
titanium oxide particle to a desirable thing and a pan (4) by considering as the suspension which 
distributed this titanium oxide particle highly, in case a base material is made to fix the titanium oxide 
particle which the crystal of a titanium oxide particle was grown up and was obtained and a titanium 
oxide film is formed It found out that could raise the degree of restoration of a titanium oxide film, and 
an adhesive property with a base material was improved further etc., and this invention was completed. 
[0007] In this invention, "titanium oxide" means various kinds of titanium oxide or water titanium 
oxide, such as an anatase type titanium dioxide, a rutile type titanium dioxide, amorphous titanium 
oxide, a metatitanic acid, and an ortho titanic acid. Moreover, the mean particle diameter meant the 5- 
15nm detailed thing preferably, grew up the crystal of this particle, and, as for the "titanium oxide 
particle", has called 3-20nm of things from which 10-100nm of 10-30nm of the mean particle diameter 
was especially set to 15-25nm preferably the "titanium oxide particle." According to a conventional 
method, if needed, it understands an added water part under existence of seed, or such a titanium oxide 
particle neutralizes titanium compounds, such as titanyl sulfate, a titanium chloride, acetic-acid titanium, 
and a titanium alkoxide, and is obtained. Thus, the obtained titanium oxide particle is classified in order 
to remove impurities, such as a sulfuric-acid solution, a chlorine solution, and alkali, after that, and 
washing is desirable. 

[0008] In this invention, "the titanium oxide particle containing the rutile type titanium dioxide" 
contains preferably the detailed particle of the titanium oxide which can be identified a rutile type crystal 
in an X diffraction image one to 30% of the weight 0.5 to 50% of the weight, and means titanium oxide 
with most amorphous remainders. The rutile dislocation promotion seed used in case a titanium-dioxide 
pigment is manufactured is mentioned to the thing equivalent to this. The titanium oxide particle 
containing this rutile type titanium dioxide The need is accepted in titanium compounds, such as ** 
titanyl sulfate, acetic-acid titanium, and a titanium tetrachloride. For example, under existence of ****, 
It neutralizes with alkali, or it understands an added water part, and precipitate is obtained, subsequently 
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this precipitate After adding and heating alkali if needed, organic acids, such as inorganic acids, such as 
a hydrochloric acid and a nitric acid, or a citric acid, are added, ripe at the temperature below 50-degree- 
C or more boiling point, or ** Hydrochloric-acid concentration heats ** titanium chloride under 1 1% or 
more of conditions, it understands an added water part, or pyrolysis oxidization of the ** titanium 
chloride is carried out [, and ] by the gaseous phase, and it is obtained. [ that pH neutralizes a titanium 
chloride with alkali in 4-7 ] 

[0009] Moreover, "the titanium oxide particle which understands titanyl sulfate an added water part and 
is obtained" means the titanium oxide particle containing the anatase type titanium dioxide which heats 
especially 60-1 10 degrees C of titanyl sulfate in temperature of 80-1 10 degrees C, understands it an 
added water part, and is obtained. Although this thing contains amorphous titanium oxide slightly, it 
contains the titanium oxide which most can identify an anatase crystal in an X diffraction image. 
[0010] It is not desirable in order not to perform hydrolysis of titanyl sulfate enough or for hydrolysis to 
take long time, if the heating temperature at the time of hydrolysis is lower than 60 degrees C. The 
concentration and heating time of titanyl sulfate in a solution are Ti02 although it can set up suitably. It 
converts, and the titanyl sulfate concentration of 50 - 250 g/l is suitable, and the heating time which is 
about 1-10 hours is suitable. Although it is desirable to usually carry out with atmospheric pressure as 
for the pressure at the time of heating, you may carry out under pressurization. Moreover, seed can also 
be made to exist in the solution of the aforementioned titanyl sulfate if needed. Thus, it is desirable to 
classify and wash the obtained titanium oxide particle and to remove impurities, such as a sulfuric-acid 
solution. 

[001 1] In this invention furthermore, with "the suspension which distributed the titanium oxide particle 
highly*' An acid is made to exist in the suspension of a titanium oxide particle, preferably pH four or less 
Two or less Alkali is made to exist in the suspension of a titanium oxide particle, or nine or more, 
distribute a titanium oxide particle as ten or more preferably, or pH Or after a grinder grinds the powder 
of a titanium oxide particle, consider as suspension, or while a grinder and a classifier grind the titanium 
oxide particle in suspension, it is made to suspend, or a dispersant is made to exist in suspension and it is 
obtained. 

[0012] Since pH of suspension is higher than 4 from 9, and it is hard to distribute a low and a titanium 
oxide particle and cannot consider as the colloidal solution when making an aforementioned acidpr 
aforementioned alkali exist, it is not desirable. In order to make pH of suspension or less into four, even 
if there are few organic acids, such as inorganic acids, such as a hydrochloric acid, a nitric acid, a 
sulfuric acid, a phosphoric acid, and carbonic acid, a citric acid, a malic acid, an acetic acid, and a lactic 
acid, a kind is chosen suitably and added. As an acid used in this invention, a hydrochloric acid or a 
nitric acid is desirable. In order to make pH of suspension or more into nine, even if there is little alkali, 
such as a sodium hydroxide, a potassium hydroxide, a sodium carbonate, an ammonium carbonate, 
ammonia, and amines, a kind is chosen suitably and made to exist. As a grinder in the case of using a 
grinder, wet grinding mills, such as a sand mill, a ball mill, a Henschel mixer, and a paint shaker, are 
desirable. As a dispersant in the case of using a dispersant, organic dispersants, such as inorganic 
dispersants, such as hexametaphosphoric acid sodium and a sodium silicate, polycarboxylic-acid sodium 
salt, a polyethylene glycol, and an acetylacetone, are mentioned, for example. These dispersants can 
choose a kind or two sorts or more suitably, and can use them. In this invention, it is especially desirable 
especially to use an organic dispersant, and polycarboxylic-acid sodium salt and polyethylene glycols, 
such as OROTAN 850 (tradename loam and made in Haas), are desirable also in an organic dispersant. 
These dispersants can be made to exist in suspension [ by the time it applies the suspension of a titanium 
oxide particle to a base material ] suitably, and this addition has about 0.1-40 % of the weight suitable 
for the active principle of a dispersant to the weight of a titanium oxide particle. In this invention, the 
method of making an acid exist in the suspension of a titanium oxide particle, making 4 less than alkali 
pH exist in the suspension of 2 or less and a titanium oxide particle preferably, and distributing a 
titanium oxide particle for pH as ten or more preferably nine or more is desirable. 
[0013] In this invention, hydrothermal processing performs 100 degrees C or more of the suspension or 
the su spension distri buted hi gh^ particle by heating in temperature of 100-250, 
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degreesj^j)re^ crystal of a titanium oxide particle is grown up and it is made for 10-100nm 

ofTO^Onm of the mean particle diameter to be especially set to 15-25nm preferably by this^"""" ~" 
hydrothermal processing. Moreover, by this hydrothermal processing, the titanium oxide particle 
containing the rutile type titanium dioxide serves as a rutile type titanium dioxide, as a result of an X 
diffraction, an anatase crystal is not accepted but this thing shows the rutile type crystal structure 
substantially. The titanium oxide particle containing the anatase type titanium dioxide serves as an 
anatase type titanium dioxide by hydrothermal processing, and this thing shows the crystal structure of 
an anatase substantially as a result of an X diffraction. In this way, let the rutile type titanium dioxide or 
^latasejygetitanium dioxide obtained be a desired particle diameter by setting up the temperature and 
the processing time of hydrothermal processing suitably. In addition, the effect of hydrothermal 
processing can be further heightened by carrying out h ydrothermal processing of the sus pension which 

distributed the titanium oxide particle highly. "™ * 

[0014] Although it is usually desirable to carry out by the pressure about maximum vapor tension as for 
the aforementioned hydrothermal processing, it can pressurize beyond maximum vapor tension, or it can 
also be performed by the pressure about atmospheric pressure, and the heat-resistant proof-pressure 
equipment usually used industrially can perform it. Although the time of hydrothermal processing can 
be set up suitably, about 1 - 48 hours is suitable. 

[0015] After that, if needed, the titanium oxide particle obtained by carrying out hydrothermal 
processing is classified in order to remove impurities, such as a sulfuric-acid solution, a chlorine 
solution, and alkali, it is washed, andj tcan dry and let it be dryness powder . Although dryness can be 
performed at arbitrary temperature, thelemperature of 100-500 degrees C is suitable. Moreover, 
according to a use scene, a titanium oxide particle can be supported covered to a base material, the 
aforementioned dryness powder can be ground, or it can fabricate, and can also use. Furthermore, the 
particle front face of titanium oxide can also be made to support transition metals, such as gold, 
platinum, a rhodium, and palladium, suitably according to the catalytic reaction to be used. 
[0016] Moreover, this invention is the method of applying to a base material the titanium oxide particle 
which the crystal of a titanium oxide particle was grown up and was obtained, calcinating it, and 
manufacturing a titanium oxide film. Unlike the general paint film which consists of a usual titanium 
oxide pigment and a usual resin medium, in this invention, a "titanium oxide film" means the film which 
does not contain a resin substantially. Furthermore, per 1cm per two and 1 micrometer of thickness of 
base materials and 10-200cm2 It has a large specific surface area of a grade. The titanium oxide film of 
this invention can change arbitrarily the thickness of a titanium oxide film, transparency, the porosity 
expressed with specific surface area by setting up suitably conditions, such as concentration of the 
below-mentioned titanium oxide suspension, and a particle diameter of a titanium oxide particle. 
Moreover, it can consider as one titanium oxide film of the anatase and rutile types by choosing the 
crystal system of the titanium oxide particle to be used suitably, or setting up baking conditions etc. 
suitably. Furthermore, an anatase t ype titan iun^oxide and a rutile type titanium dioxide can also 
consider as the film mixed at anarBitraryrate. Aslhickness, it is about 0.5-20 micrometers. In the 
titanium oxide particle to be used, the mean particle diameter excels [nm / 10-100 / of 10-30nm of 15- 
25nm things ] in the adhesive property with a base material preferably especially. 
[0017] as the method of growing up the crystal of a titanium oxide particle in this invention -- (a) » the 
method of heating at the temperature of 300-450 degrees C preferably especially 300-500 degrees C 
200-600 degrees C, and said the (b) ~ there are the 100 degrees C or more of the methods of carrying 
out hydrothermal processing at the temperature of 100-250 degrees C preferably etc. The crystal growth 
of a low and a titanium oxide particle does not have the temperature of heating more enough than 200 
degrees C, and since the volumetric shrinkage of titanium oxide becomes large, it is easy to produce a 
crack and an adhesive property with a base material becomes bad in case a base material is made to fix, 
it is not desirable. Moreover, since the crystal of titanium oxide grows too much greatly, an adhesive 
property with a base material will become bad or the specific surface area of a titanium oxide film will 
become small if higher than 600 degrees C, it is not desirable. 0.5 - 2 hours is suitable for the processing 
time of heating. 
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[0018] Since the crystal of a titanium oxide particle grows, crystallinity is improved and it can consider 
as homogeneity and the titanium oxide particle of a suitable size by aforementioned heat-treatment and 
aforementioned hydrothermal processing, a desired titanium oxide film can be obtained. 
[0019] Solvents, such as water, alcohol, and toluene, are made to suspend the titanium oxide particle 
which the crystal of a titanium oxide particle was grown up and was obtained first in this invention. 
Especially the aforementioned solvent has desirable water from a viewpoint of a work environment. The 
titanium oxide concentration in suspension is Ti02 although it can set up suitably. It converts and the 
range of 10 - 1200 g/1 is desirable. Since it becomes difficult for titanium oxide concentration to make 
thicker than 10 g/1 a low and thickness of the titanium oxide film with which it is obtained, it is not 
desirable. Moreover, since the viscosity of suspension will become high and it will be hard to apply it to 
a base material if higher than 1200 g/1, it is not desirable. In this invention, it is desirable to perform the 
aforementioned distributed processing and to make the titanium oxide particle in suspension into high 
concentration. Moreover, in this invention, without classifying a titanium oxide particle from the 
titanium oxide suspension obtained by carrying out the aforementioned hydrothermal processing, 
remaining as it is or titanium oxide concentration can be adjusted, and it can apply on a base material by 
degree the method of application of the various kinds which carry out an account, and can consider as a 
titanium oxide film. 

[0020] Next, the obtained titanium oxide suspension is applied on a base material by the usual methods, 
such as the DIP coating method, the spray coating method, the spinner coating method, the blade coating 
method, the roller coating method, the wire bar coating method, and the reverse-roll-coating method, is 
dried and calcinated if needed, and a solvent is removed, and a base material is made to fix a titanium 
oxide particle. The base material in which the titanium oxide film of this invention is made to form can 
choose the quality of the material, a configuration, a size, etc. suitably according to the purpose of use, a 
use, etc. As the quality of the material, glass, a metal, ceramics, etc. are mentioned and a spherule like 
one thick plate, a small fragment, and a bead etc. is mentioned as a configuration and a size, for 
example. 100 degrees C or more of 200-800 degrees C of the aforementioned baking are especially 
calcinated at the temperature of 300-800 degrees C preferably. Since the adhesive property of a low and 
a base material becomes bad from the temperature whose burning temperature is 100 degrees C, it is not 
desirable. Since the crystal growth of a titanium oxide particle will become large by the use to be used if 
higher than the temperature of 800 degrees C, although there is no ****** generally, or the specific 
surface area of a titanium oxide film becomes small, the upper limit of burning temperature may not be 
desirable. When heating for a crystal growth is performed, it calcinates at the temperature more than the 
temperature of the heating. Since the adhesive property of a low and a base material becomes bad from 
the temperature of heating of the burning temperature for fixing for a crystal growth, it is not desirable. 
[0021] In this invention, it is desirable to use the titanium oxide particle obtained by carrying out 
hydrothermal processing of the advanced distribution suspension of the aforementioned titanium oxide 
particle as a titanium oxide particle. Moreover, in this invention, in order to manufacture the titanium 
oxide film which consists of a rutile type titanium dioxide, it is desirable to use the titanium oxide 
particle which was obtained by carrying out hydrothermal processing of the titanium oxide particle 
containing the aforementioned rutile type titanium dioxide at the temperature of 100 degrees C or more 
and which consists of a rutile type titanium dioxide substantially. Furthermore, in order to manufacture 
the titanium oxide film of an anatase type titanium dioxide, titanyl sulfate is understood an added water 
part and, subsequently it is desirable that uses an anatase-type-titanium-dioxide particle substantially in 
having carried out hydrothermal processing of the obtained titanium oxide particle at the temperature of 
100 degrees C or more, and having been obtained. Thus, the titanium oxide film of this invention is 
obtained. 
[0022] 
[Example] 

In 21. of solution of the sodium carbonate of example 1222 g/1, under stirring, 11. of solution of the 
titanium tetrachloride of 200 g/1 was dropped, and the titanium tetrachloride was neutralized at the room 
temperature. Then, Ti02 of this neutralization precipitate After adding 5% of the weight of a citric acid 
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in the aforementioned solution.to a weight, it warmed at 70 degrees C and riped for 20 minutes. (In 
addition, a part of obtained titanium oxide particle was extracted, filtered and washed, the dry thing 
contained the titanium oxide particle of the rutile type crystal structure 15% of the weight as a result of 
the X diffraction, and the remainder was amorphous.) Water is distributed and it is Ti02, after filtering 
and washing the titanium oxide particle obtained by doing in this way. It converted and considered as 
the suspension of 250 g/1. Subsequently, after adding nitric-acid solution to this suspension and setting 
pH to 1 .3, it put into the autoclave, and it was performed at the temperature of 150 degrees C, and 
hydrothermal processing was performed under maximum vapor tension for 13 hours. Then, the obtained 
product was filtered and washed, it dried and the titanium oxide particle (sample A) of this invention 
was obtained. This sample A had the rutile type crystal structure substantially as a result of the X 
diffraction, and the particle diameter was 18nm. Moreover, it had the cubic configuration which is the 
idiomorphic of a rutile type crystal as a result of electron microscope observation. 
[0023] Aqueous ammonia was added under stirring in 11. of solutions of the titanium tetrachloride of 
example of comparison 180 g/1, pH of a solution was set to 7.0, and gel was obtained. Water is 
distributed and it is Ti02, after filtering and washing this gel. It converted and considered as the 
suspension of 250 g/1. Subsequently, this suspension was put into the autoclave, it was performed at the 
temperature of 150 degrees C, and hydrothermal processing was performed under maximum vapor 
tension for 13 hours. Then, the obtained product was filtered and washed, it dried and titanium oxide 
(sample B) was obtained. This sample B had the crystal structure of an anatase as a result of the X 
diffraction, and the particle diameter was 10.5nm. 

[0024] The titanium oxide catalyst P-25 (the product made from Japanese Aerosil,nm [ of particle 
diameters / 22 ], mixed type of a rutile type and an anatase) of example of comparison 2 marketing was 
made into Sample C. 

[0025] The catalytic activity of the sample (A-C) obtained in an example 1 and the examples 1 and 2 of 
comparison was investigated as follows. Water is made to distribute a sample, respectively and it is 
Ti02. It converted and considered as the suspension of 4 g/1. After doing lOmicrol addition of 
tetrachloroethylene, the xenon lamp of 150W was irradiated for 30 minutes, and the photocatalyst 
decomposition reaction of tetrachloroethylene was performed to 25ml of such suspension. The cracking 
severity by each sample was computed from the concentration of the tetrachloroethylene before a 
reaction, and the concentration of the tetrachloroethylene after a reaction. The result is shown in Table 1. 
It turns out that the rutile type titanium dioxide of this invention is excellent in catalytic activity so that 
clearly from this table. 
[0026] 
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[0027] Moreover, the crystallinity of sample A-C was investigated using the spectroscopy -technique by 
the photoacoustic spectroscopy. That is, although a sample will absorb light according to the wavelength 
if 0.5g of samples is paid to an airtight container and the light of fixed wavelength is irradiated there, 
when emitting this absorbed luminous energy as heat by process in which it does not emanate, according 
to the thermal expansion of the sample accompanying increase of the vibrational energy of a crystal 
lattice, the atmosphere around a sample vibrates and an acoustic wave is generated. A high sensitivity 
microphone detects the acoustic wave generated at this time. The wavelength of the light which 
irradiates a sample was changed to 300-1600nm, the output of a high sensitivity microphone was 
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measured, and the optical sound spectrum of each sample was acquired. 

[0028] Although it is generally said that it has the 3.0eV energy gap, a rutile type titanium dioxide will 
serve as light with a wavelength of 413nm, if the energy equivalent to this energy gap is converted into a 
light energy. Therefore, a theory top will be altogether absorbed by titanium oxide, if the light of 
wavelength somewhat shorter than 413nm is irradiated, and on the other hand, if the light of long wave 
length is irradiated for a while from 413nm, it will not be absorbed at all by titanium oxide. However, in 
the titanium oxide in which crystallinity was inferior, it has the defective level which may absorb energy 
smaller than 3.0eV, and, for this reason, the light of long wave length will also be absorbed for a while 
from 413nm. From this, the crystalline superiority or inferiority of each sample can be judged by 
comparing the state of this peculiar optical -absorption edge using the aforementioned optical sound 
spectrum. Since the optical sound spectrum of the rutile-type-titanium-dioxide particle of this invention 
had the sharp standup of a peculiar optical -absorption edge, it turns out that the rutile-type-titanium- 
dioxide particle of this invention is excellent in crystallinity. 

[0029] 11. of solutions of the titanyl sulfate of example 280 g/1 was heated in temperature of 85 degrees 
C, it held for 3 hours, and titanyl sulfate was hydrolyzed. (In addition, a part of obtained titanium oxide 
particle was extracted, filtered and washed, the dry thing had the anatase crystal as a result of the X 
diffraction, and the particle diameter was 5nm.) Water is distributed and it is Ti02, after filtering and 
washing the titanium oxide particle obtained by doing in this way. It converted and considered as the 
suspension of 250 g/1. Subsequently, after adding hydrochloric-acid solution to this suspension and 
setting pH to 1.0, it put into the autoclave, and it was performed at the temperature of 150 degrees C, 
and hydrothermal processing was performed under maximum vapor tension for 13 hours. Then, the 
obtained product was filtered and washed, it dried and the titanium oxide particle (sample D) of this 
invention was obtained. This sample D had the crystal structure of an anatase as a result of the X 
diffraction, and the particle diameter was 13nm. 

[0030] In example of comparison 3 example 2, except not performing hydrothermal processing, it 
processed like the example 2 and the titanium oxide particle (sample E) was obtained. This sample E 
had the anatase crystal as a result of the X diffraction, and the particle diameter was 5nm. 
[0031] The titanium oxide particle obtained in the example 3 of example of comparison 4 comparison 
was calcinated for 30 minutes at the temperature of 450 degrees C, and Sample F was obtained. This 
sample F had the anatase crystal as a result of the X diffraction, and the particle diameter was 12nm. 
[0032] The catalytic activity of the sample (B-F) obtained in an example 2 and the examples 1-4 of 
comparison was investigated as follows. Water is made to distribute a sample, respectively and it is 
Ti02. It converted and considered as the suspension of 4 g/1. After adding 2-propanol 25microl to 25ml 
of such suspension, the xenon lamp of 150W was irradiated for 2 hours, and the photocatalyst 
decomposition reaction of 2-propanol was performed. The cracking severity by each sample was 
computed from the concentration of the 2-propanol before a reaction, and the concentration of the 2- 
propanol after a reaction. The result is shown in Table 2. It turns out that the anatase type titanium 
dioxide of this invention is excellent in catalytic activity so that clearly from this table 
[0033] 
[Table 2] 
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[0034] Next, the catalytic activity of the decomposition reaction of tetrachloroethylene was investigated 
like the above. The result is shown in Table 3. It turns out that the anatase type titanium dioxide of this 
invention is excellent in catalytic activity so that clearly from this table. 
[0035] 
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[0036] Moreover, the crystallinity of sample B-F was investigated like the above. Since the optical 
sound spectrum of the anatase type titanium dioxide of this invention had the sharp standup of a peculiar 
optical-absorption edge, it turns out that the anatase type titanium dioxide of this invention is excellent 
in crystallinity. 

[0037] The rutile-type-titanium-dioxide particle of this invention and an anatase-type-titanium-dioxide 
particle have high catalytic activity as mentioned above compared with the conventional thing. Although 
it is not clear about this reason, the rutile-type-titanium-dioxide particle of this invention and the 
anatase-type-titanium-dioxide particle are excellent in crystallinity, and are considered because there are 
few lattice defects which exist in the interior of the particle of titanium oxide. Since a conventional 
rutile-type-titanium-dioxide particle and a conventional anatase-type-titanium-dioxide particle have 
many lattice defects, they have few amounts of the electron and electron hole where the electron and 
electron hole which were generated by optical irradiation of ultraviolet rays etc. stop to this lattice defect 
mostly, and can participate in catalytic reaction. On the other hand, since there are few lattice defects, 
the electron or electron hole which were generated cannot stop at a lattice defect easily, the charge 
separation of the electron and electron hole which were generated becomes easy further, and the rutile- 
type-titanium-dioxide particle of this invention and an anatase-type-titanium-dioxide particle are 
guessed because the amount of the electron which can participate in catalytic reaction, or an electron 
hole increased. Furthermore, the anatase-type-titanium-dioxide particle of this invention is imagined to 
be that to which the acid site exists in the front face of the obtained anatase-type-titanium-dioxide 
particle mostly, this acid site turns into the adsorption active spot of a reactant, and catalytic activity 
becomes high further in order to carry out hydrothermal processing of the titanium oxide particle which 
understood titanyl sulfate an added water part and was obtained. 
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[0038] The product was filtered and washed and the ** cake was obtained, after heating 11. of titanyl 
sulfate solutions of example 380 g/1 at 85 degrees C and hydrolyzing. Then, after the acetone replaced 
the moisture of this ** cake, the vacuum drying was carried out at the temperature of 60 degrees C, and 
titanium oxide particle powder was obtained. (In addition, the obtained titanium oxide particle had the 
anatase crystal as a result of the X diffraction, and the particle diameter was 5nm.) Subsequently, the 
aforementioned titanium oxide particle powder was heated at the temperature of 300 degrees C for 1 
hour, and the titanium oxide particle of the anatase crystal whose particle diameter is 1 lnm was 
obtained. Then, after the masher ground this titanium oxide particle, it supplied to water. Furthermore, it 
is a polyethylene glycol (average molecular weight 15000-25000) to this water Ti02 After receiving and 
adding 20% of the weight, it fully shook using the paint conditioner (red devil company make), and 
500g [/I. ] titanium oxide suspension was obtained. Next, after applying this suspension to the glass plate 
and air-drying it using a doctor blade (60 micrometers of crevices), it calcinated at the temperature of 
450 degrees C for 2 hours, and the titanium oxide film (an anatase crystal, nebula) of this invention was 
obtained. Most cracks were not accepted, when this titanium oxide film had fixed firmly on the glass 
plate (base material) and this was observed with the optical microscope, moreover, the result which 
thickness is 10 micrometers and measured specific surface area by the nitrogen gas adsorption process 
as a result of measuring this titanium oxide film using a sensing-pin formula thickness gage -- 1cm 2 
and the specific surface area per 1 micrometer of thickness of base materials ~ 80-100cm2 it was . 
[0039] Except having made heating temperature into 400 degrees C in example 4 example 3, it 
processed like the example 3 and the titanium oxide film (an anatase crystal, nebula) of this invention 
was obtained. Most cracks were not accepted, when this titanium oxide film had fixed firmly on the 
glass plate (base material) and this was observed with the optical microscope, this titanium oxide film - 
thickness 10 micrometers -- it is - 1cm 2 and the specific surface area per 1 micrometer of thickness 
of base materials - 80-100cm2 it was . 

[0040] The example 5 acid titania sol (the Ishihara Sangyo Kaisha, Ltd. make, CS-N, an anatase crystal, 
titanium oxide particle of 5nm of particle diameters) was dried at the temperature of 1 10 degrees C for 5 
hours, the obtained titanium oxide particle powder was heated at the temperature of 300 degrees C in the 
atmosphere for 1 hour, and titanium oxide particle powder (an anatase crystal, 1 lnm of particle 
diameters) was obtained. Next, it is that which the component shown below was shaken [ that ] for 5 
hours, and carried out mixed distribution enough with the paint shaker 100cm with a doctor blade 2 It 
applied to the glass plate, and calcinated for 30 minutes at the temperature of 450 degrees C after 
dryness, and the titanium oxide film (an anatase crystal, translucence) of this invention was obtained. 
Most cracks were not accepted, when this titanium oxide film had fixed firmly on the glass plate (base 
material) and this was observed with the optical microscope. The thickness of this titanium oxide film 
was 2.0 micrometers. 

Titanium oxide particle powder 8.0g Polyethylene glycol (molecular weight 20000) 3.2g Pure water 
14.0ml Concentrated nitric acid The catalytic activity of the titanium oxide film obtained 0.5ml was 
investigated as follows. After putting the aforementioned titanium oxide film into a 81. glassware, the 
acetaldehyde which is a bad smell component was added so that it might become the concentration of 50 
ppm, and the glassware was sealed. Next, it sets on the front face of the aforementioned titanium oxide 
film, and ultraviolet radiation intensity is 1 mW/cm2. It was 15 ppm as a result of irradiating the black 
light for 2 hours so that it may become, and measuring the concentration of a subsequent acetaldehyde. 
This result showed that the titanium oxide film of this invention was excellent in photocatalyst activity. 
[0041] After adding water to this thing and adding a polyethylene glycol (average molecular weight 
15000-25000) 20% of the weight to titanium oxide further, without heating the ** cake obtained by the 
same method as example of comparison 5 example 3, it stirred and the titanium oxide suspension of 300 
g/1 was obtained. Next, although it calcinated at the temperature of 450 degrees C for 2 hours after 
applying this suspension to the glass plate and air-drying it using a doctor blade, the titanium oxide 
particle peeled from the glass plate in the state of the wafer, and was not able to form a titanium oxide 
film on the base material. 

[0042] 11. of titanyl sulfate solutions of example 680 g/1 was heated at 85 degrees C, it held at this 
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temperature for 3 hours, titanyl sulfate was understood an added water part, and the titanium oxide 
particle was obtained. (In addition, a part of obtained titanium oxide particle was extracted, filtered and 
washed, the dry thing had the anatase crystal as a result of the X diffraction, and the particle diameter 
was 6nm.) Water is distributed and it is Ti02, after filtering and washing the titanium oxide particle 
obtained by doing in this way. It considered as the suspension of 200 g/1 on criteria. Subsequently, after 
adding hydrochloric-acid solution to this suspension and setting pH of this suspension to 1.0, it put into 
the autoclave, and it was performed at the temperature of 200 degrees C, and hydrothermal processing 
was performed under maximum vapor tension for 13 hours. (Titanium oxide suspension obtained in 
addition.) The part was extracted, and it filtered, and washed, the dry thing had the anatase crystal as a 
result of the X diffraction, and the particle diameter was 20nm. Next, after applying to the glass plate the 
titanium oxide suspension which obtained by carrying out the aforementioned hydrothermal processing 
using the doctor blade and air-drying it, it calcinated at the temperature of 450 degrees C for 3 hours, 
and the titanium oxide film (an anatase crystal, transparence) of this invention was obtained. Most 
cracks were not accepted, when this titanium oxide film had fixed firmly on the glass plate (base 
material) and this was observed with the optical microscope, moreover, this titanium oxide film -- 
thickness - 6 micrometers - it is - 1cm 2 and the specific surface area per 1 micrometer of thickness of 
base materials -- 80-100cm2 it was . 

[0043] According to the method indicated in the example 7 example 6, titanyl sulfate was understood an 
added water part, and the titanium oxide particle was obtained. (In addition, a part of obtained titanium 
oxide particle was extracted, filtered and washed, the dry thing had the anatase crystal as a result of the 
X diffraction, and the particle diameter was 5nm.) Water is distributed and it is Ti02, after filtering and 
washing the titanium oxide particle obtained by doing in this way. It considered as the suspension of 250 
g/1 on criteria. Subsequently, after adding nitric-acid solution to this suspension and setting pH of this 
suspension to 1.2, it put into the autoclave, and it was performed at the temperature of 150 degrees C, 
and hydrothermal processing was performed under maximum vapor tension for 13 hours. (In addition, a 
part of obtained titanium oxide suspension was extracted, filtered and washed, the dry thing had the 
anatase crystal as a result of the X diffraction, and the particle diameter was 13nm.) Next, Ti02 in the 
titanium oxide suspension which obtained by carrying out the aforementioned hydrothermal processing 
To criteria, 40 % of the weight (average molecular weight 20000) of polyethylene glycols was added to 
titanium oxide suspension, and it heated in temperature of 60 degrees C. Subsequently, after applying 
this suspension to the glass plate like the example 6 and air-drying it, it calcinated and the titanium oxide 
film (an anatase crystal, transparence) of this invention was obtained. Most cracks were not accepted, 
when this titanium oxide film had fixed firmly on the glass plate (base material) and this was observed 
with the optical microscope, moreover, this titanium oxide film -- thickness -- 7.5 micrometers -- it is -- 
lcm 2 and the specific surface area per 1 micrometer of thickness of base materials - 100-120cm2 it 
was . 

[0044] Water is added to the titanium oxide suspension after the hydrothermal processing obtained 
according to the method indicated in the example 8 example 7, and it is Ti02. It considered as the 
concentration of 12 g/1 on criteria. After putting [ 200ml / of this suspension ] in hollow glass-bead 
(three em company make, B28/750) lOg of marketing, moisture was removed by the evaporator. The 
obtained product was dried at the temperature of 100 degrees C for 2 hours, subsequently, it calcinated 
at the temperature of 300 degrees C for 1 hour, and the titanium oxide film (an anatase crystal, 
transparence) of this invention was obtained. Most cracks were not accepted, when this titanium oxide 
film had fixed firmly on the hollow glass bead (base material) and this was observed with the optical 
microscope. 

[0045] In example 9 example 8, except having replaced with the hollow glass bead and having used the 
solid glass bead (the Toshiba Ballotini Co., Ltd. make, GB503M), it processed like the example 8 and 
the titanium oxide film (an anatase crystal, transparence) of this invention was obtained. Most cracks 
were not accepted, when this titanium oxide film had fixed firmly on the solid glass bead (base material) 
and this was observed with the optical microscope. 

[0046] In example 10 example 8, except having replaced with the hollow glass bead and having used the 
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honeycomb-structure object made from ceramics (the NGK Insulators, Ltd. make, tradename honey 
SERAMU), it processed like the example 8 and the titanium oxide film (an anatase crystal, 
transparence) of this invention was obtained. Most cracks were not accepted, when this titanium oxide 
film had fixed firmly on the honeycomb-structure object (base material) and this was observed with the 
optical microscope. 

[0047] Filtration and washing were performed, after adding the sodium hydroxide to the example 1 1 
acid titania sol (the Ishihara Sangyo Kaisha, Ltd. make, CS-N, an anatase crystal, titanium oxide particle 
of 6nm of particle diameters) and adjusting to pH 7. Water is added to the obtained ** cake and it is 
Ti02. Titanium oxide particle suspension was prepared so that it might convert and might become in 1. 
and lOOg /, subsequently to this suspension, after adding the sodium hydroxide and adjusting to pH 10, 
it put into the autoclave and hydrothermal processing was performed under 3 -hour maximum vapor 
tension at the temperature of 150 degrees C. Next, the nitric acid was added to the titanium oxide 
suspension after the aforementioned hydrothermal processing (an anatase crystal, 18nm of particle 
diameters), it neutralized to pH 7, and filtration and rinsing were performed. Water is further added to 
the obtained titanium oxide cake, and it is Ti02. Titanium oxide suspension was prepared so that it 
might convert and might become 500 g/1, and subsequently, the nitric acid was added and it adjusted to 
pH 1. It is this suspension 100cm by the spin coater 2 It applied to the glass plate, it calcinated at the 
temperature of 500 degrees C after dryness for 3 hours, and the titanium oxide film (an anatase crystal, 
translucence) of this invention was obtained. Most cracks were not accepted, when this titanium oxide 
film had fixed firmly on the glass plate (base material) and this was observed with the optical 
microscope. The thickness of the titanium oxide film of this this invention was 1.0 micrometers. As a 
result of investigating the catalytic activity of the obtained titanium oxide film by the method of the 
example 5 aforementioned publication, the acetaldehyde concentration after optical irradiation was 13 
ppm. This result showed that the titanium oxide film of this invention was excellent in photocatalyst 
activity. 
[0048] 

[Effect of the Invention] this invention method can manufacture simplicity and easily the titanium oxide 
particle which was excellent in crystallinity and was excellent in an optical property, the photoelectric 
transfer characteristic, the catalyst property, etc., and is a very useful method on industry. Moreover, by 
making a base material fix, the titanium oxide particle obtained by this invention method has a big 
specific surface area, and if there is little generating of a crack and an adhesive property with a base 
material considers as a good titanium oxide film, it can ** it. The titanium oxide film of this invention is 
excellent in an optical property, the photoelectric transfer characteristic, the catalyst property, etc., and 
useful to an optical material, electronic material, photo-electric-translation material, the charge of ' 
ornament material, a catalyst, a photocatalyst, a catalyst support, an adsorbent, or a bioreactor. Since 
especially the titanium oxide film of this invention is excellent in the photocatalyst property and can 
remove a toxic substance quickness and efficiently using the photocatalyst activity, it is very useful not 
only as an industrial use way but a deodorization object for home use etc. Furthermore, it can be used 
for a long period of time, safety is high, and even if the titanium oxide film of this invention has the 
wide range of the toxic substance which can be adapted and it discards it further, in order that it may not 
soil environment, it is industrial very useful. Furthermore, it is a useful method that the manufacture 
method of this invention can make base materials, such as glass, a metal, ceramics, and plastics, fix a 
titanium oxide film simply, and the titanium oxide film of the stable quality can moreover be 
manufactured etc. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture method of the titanium oxide film which the crystal growth of the titanium 
oxide particle is carried out, and obtains a titanium oxide particle, applies the obtained titanium oxide 
particle to a base material, and is characterized by calcinating the applied base material and making a 
particle fix on a base material. 

[Claim 2] The manufacture method of a titanium oxide film according to claim 1 that the mean particle 
diameter of a titanium oxide particle is 10-100nm. 

[Claim 3] The manufacture method of a titanium oxide film according to claim 1 of applying to a base 
material the titanium oxide particle which heated the particle of titanium oxide at the temperature of 
200-600 degrees C, was made carrying out the crystal growth of this particle, obtained the titanium 
oxide particle, and was subsequently obtained, calcinating the applied base material at the temperature 
more than the heating temperature at the time of growth, and making a particle fix on this base material. 
[Claim 4] The manufacture method of the titanium oxide film according to claim 1 to which 
hydrothermal processing of the titanium oxide particle is carried out at the temperature of 100 degrees C 
or more, and the crystal growth of this particle is carried out. 

[Claim 5] The manufacture method of the titanium oxide film according to claim 1 to which pH of the 
suspension of a titanium oxide particle is adjusted to 4 or less and 9 or more, hydrothermal processing of 
this suspension is carried out at the temperature of 100 degrees C or more, and the crystal growth of this 
titanium oxide particle is subsequently carried out. 

[Claim 6] The manufacture method of the titanium oxide film according to claim 1 to which 
hydrothermal processing of the titanium oxide particle containing the rutile type titanium dioxide is 
carried out at the temperature of 100 degrees C or more, and the crystal growth of this particle is carried 
out. 

[Claim 7] The manufacture method of the titanium oxide film according to claim 1 to which titanyl 
sulfate is understood an added water part, a titanium oxide particle is obtained, hydrothermal processing 
of the obtained titanium oxide particle is carried out at the temperature of 100 degrees C or more, and 
the crystal growth of this particle is subsequently carried out. 

[Claim 8] The manufacture method of a titanium oxide film according to claim 1 of applying this 
suspension to a base material, calcinating subsequently, and making a titanium oxide particle fix on this 
base material after adjusting pH of the suspension of a titanium oxide particle to 4 or less and 9 or more. 

[Claim 9] The manufacture method of the titanium oxide particle which adjusts pH of the suspension of 
a titanium oxide particle to 4 or less and 9 or more, and is subsequently characterized by carrying out 
hydrothermal processing of this suspension at the temperature of 100 degrees C or more, and carrying 
out the crystal growth of this particle. 

[Claim 10] The manufacture method of the titanium oxide particle which is characterized by carrying 
out hydrothermal processing of the titanium oxide particle containing the rutile type titanium dioxide at 
the temperature of 100 degrees C or more, and carrying out the crystal growth of this particle and which 
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